Engineering Students' Misuse of Business Concepts: Understanding Problematic Precursors to Entrepreneurship Introduction and Background
The increased focus on entrepreneurship in engineering education 1 has led to more attention being paid to what should be taught 2 during these learning experiences. The general focus of has been on what students need to know to eventually behave as effective entrepreneurs. Most often, this involves the knowledge, skills, and experiences that will equip students with an 'entrepreneurial mindset' 3 . Exact definitions of 'entrepreneurial mindset' vary but generally refers to a focus on business skills and 'entrepreneurial awareness' [2] [3] [4] .
There is a growing body of research focused on measuring, teaching, and organizing the content and concepts that students need to be effective entrepreneurs; however, little research has examined the preconceptions and misconceptions that engineering students have about entrepreneurship. Misconceptions involve cognitive actions that are based on incorrect underlying principles, understanding of concepts, or mental heuristics, and are independent of whether or not the correct result is achieved 5 . While the difference between a lack of knowledge and misconceptions may seem trivial, a growing body of research suggests that misconceptions can result in different outcomes than merely lacking knowledge. Looking at the field of physics education, researchers have explained how misconceptions can affect learning: 6 In other words, the authors suggest that if educators ignore misconceptions and focus merely on teaching the 'correct' concept, internalization of knowledge suffers. Students may be able to apply the concepts they are taught when in a physics classroom, however the misconceptions still exist in students' minds. More troublingly, the misconception often remain as the 'default' cognitive behavior that students prioritize over the correct approach when making or evaluating decisions quickly. Whether students use misconceptions to make decisions that are objectively correct or subjectively appropriate is not important. What is important is that students are applying rules or models that are highly risky, and the associated outcomes are unlikely to be consistently accurate or useful 7, 8 .
Analyzing thinking in terms of associational patterns leads us to suggest that when misconceptions are treated as unary and instruction focuses on trying to replace those misconceptions by correct ones, students build up alternative associational paths; one set of knowledge is activated specifically for a physics class but the other intuitive knowledge is not erased but remains for activation in all other situations.
A concept inventory 9 is a relatively new type of assessment that can be used to assess students' misconceptions. Concept inventories are multiple choice measurement instruments provide students with answer options that are paired with explanations of why a particular choice is correct. Most commonly, they present four options referring to two potential answers; the correct answer to a particular problem is presented twice, once with a conceptually correct explanation, and once with a conceptually incorrect answer. By assessing whether students choose the right answer for the right reason, educators are able to assess whether students understand a concept, or whether they rely on a misconception to obtain a correct answer.
Misconceptions are especially important and relevant, in the field of entrepreneurship for a number of reasons. Misconceptions are hard to observe and difficult to separate from 'simple' mistakes 9 . The high propensity for failure in entrepreneurship makes it difficult to separate misconceptions from mistakes or bad luck. Further, the strong and growing public focus on entrepreneurship provides a stream of information about entrepreneurship and entrepreneurs themselves that, at times, can have a complex and tense relationship with entrepreneurship theory and pedagogy 10 . Misconceptions about entrepreneurship are critical to engineering students for two reasons. First, the scope and depth of business concepts presented to engineering students is inevitably narrower than it is for business students exposed to a portfolio of concepts during the course of a four year business degree 11 . Second, the societal and cultural excitement surrounding technical entrepreneurship has resulted in media constructions of entrepreneurs and entrepreneurship that may not accurately reflect the characteristics or experiences of the general population of "real entrepreneurs" 10, 12 .
Within this context, understanding the misconceptions students have constructed about entrepreneurial action and business concepts is critical to entrepreneurship education. Knowing the specific misconceptions engineering students have, will allow entrepreneurship education to deliberately challenge and address them. This in turn, will develop more effective entrepreneurs because their abilities will be grounded in sound and well applied business principles.
Purpose of the study
The purpose of this study is to examine the misconceptions on which engineering students rely when solving entrepreneurially-framed business problems. More specifically, it explores what categories or themes of misconceptions are common among engineering undergraduates who have, and who have not, been exposed to entrepreneurship education.
Methods
The paper applies thematic analysis to a qualitative data set comprised of qualitative interviews performed with 40 engineering undergraduates. As part of the interview protocol students worked through an entrepreneurial scenario and were asked to make business decisions, as a means to examine whether they used effectual versus predictive decision making approaches 15 . Interview data were transcribed and analyzed by two coders to identify misconceptions. A pilesort method was used to categorize the misconceptions into thematic groups, which could then be explained in relation to established business concepts. All work was checked by a third, researcher who was not involved in the coding or theme identification process. The methodological approach is described in more detail below.
Population
The population consisted of engineering undergraduates from two Midwestern universities. The first university is smaller, primarily undergraduate, private university, while the second is a large, research-intensive, public university. Both universities have extensive entrepreneurial programs available to engineering students.
Using an IRB approved protocol students were recruited for the study via emails from their departments and faculty. The study was designed to collect similar samples from each university, in terms of number of interviews conducted, gender, and whether they had exposure to entrepreneurship education or not. Those who had completed either academic credentials or significant coursework in entrepreneurship were classified as 'entrepreneurial' based on data collected through a demographic survey, prior to the start of the interview.
In total, data was collected from 40 students, 20 from each university. The larger, public university's participants were evenly split between entrepreneurship and non-entrepreneurship students. At the private university, 8 of 20 respondents were classified as entrepreneurial. The sample consisted of 28 male students and 18 female students. All but 2 students indicated that they had completed at least one engineering internship. Students also identified as entrepreneurs themselves (5 of 40), having an entrepreneur in the family (11 of 40), or having a close friend who had participated in an entrepreneurial venture in the past (19 of 40).
Data Collection
Interview transcripts were the primary data source. The demographic survey was administered to participants to characterize and describe the sample. Interviews were conducted in person and lasted approximately 45 minutes to one hour. Two interviewers conducted all of the interviews, with one conducting 33 and the other conducting the remaining 7.
The interviews were primarily organized around a verbal protocol 13, 14 , derived from that used by Sarasvathy 15 in her study of effectuation. Based on the results of a pilot study, some modifications were made to increase the ability to differentiate use of effectual and causal logic by undergraduate students 16 . The protocol asked students to solve a series of problems related to an entrepreneurial scenario while thinking aloud. The scenario was representative of an early stage software development business. Within it, participants reasoned through nine problems requiring decisions that ranged from gathering early stage funding, to human resources concerns, and exit opportunities. Interviews were audio recorded and then transcribed. Interviewers prompted or encouraged students to continue talking when they became quiet. Interviewers asked follow-up questions to probe unclear thinking or delve more deeply into specific lines of thinking.
Codes and coding process
Two coders analyzed the transcripts. One is a graduate researcher assistant with significant business management and entrepreneurship experience who teaches a multidisciplinary, introductory entrepreneurship course. The second is an undergraduate research assistant majoring in computer science who received an entrepreneurship credential and has had several internships as a financial and market analyst. All coding and analysis work was then checked by a third researcher who is a long time entrepreneurship education researcher, tenured faculty member, and director of entrepreneurship education programs.
The coding process occurred in two stages. In the first stage, each coder read all 40 transcripts individually and tagged any misconceptions they observed. To each misconception tagged they also provided an explanation of why the text represented a misconception and what concept the student had a misconception about. After both coders had coded all 40 transcripts, the coded misconceptions were compiled by one of the coders.
In the second stage, both coders worked together to review each misconception, with the original coder blinded. The coders reviewed and discussed both the coded text and the associated explanations. If both coders agreed that the text represented a misconception, the coded text was retained. If either coder disagreed, the coded text was eliminated from the dataset. Because of the lack of prior research in this area, and the exploratory nature of our interest in students' misconceptions, a generally open approach to coding and tracking misconceptions was taken.
Coded misconceptions were defined as 'a business or management concept which is applied incorrectly, makes objectively unreasonable assumptions, or is based on significant misconceptions or misinformation'. The definition drew on descriptions and definitions of 'misconception' in educational literature 9, 17, 18 . Coders ignored opinion statements and mathematical mistakes made by students. In general, misconceptions were interpreted as instances where students had incorrect knowledge at a specific conceptual level, as opposed to not answering correctly due to a lack of knowledge.
Coders intentionally applied codes generously in the initial coding process. The liberal coding enabled broad initial identification of what might be consistent business misconceptions amongst students and acknowledged the different ways in which misconceptions might manifest (e.g., through analytical choices, assumptions, etc.). Because the process occurred in multiple stages, with the second stage blindly assessing each coded segment, the more liberal coding was appropriate. The 'default to tag' behavior by the coders in the initial stage, combined with the explanations, increased the ability to refine the coded data at the second stage.
Theme identification
When the coding process was complete, the iterative process of theme identification began. The process for theme identification followed a pile sort method 19 as described in the engineering education literature 20 . Agreement was sought among both coders and a third, non-coding, researcher. To execute the process, all of the coded misconceptions were printed and cut into individual slips of paper which contained the text of the misconception and a number identifying the chunk of text or data. They did not identify the case name or the coder's explanation of the misconception to prevent biasing or grouping based on non-text variables. The slips of paper were then sorted into piles. The process involved reading and creating preliminary themes with no preconditions on the number of piles. Each pile was then refined and iterated by moving items between piles to more clearly identify conceptual boundaries. General theme descriptions were written on extra paper to label each group. Each individual chunk was then tested against the description, thereby refining the inclusion of chunks as well as the descriptions of the piles. After completing the process, several 'themes of one' remained. While these were misconceptions, they did not match with other examples of the same conceptual misunderstanding and were removed.
Modeling of theme and misconceptions
After theme identifying, two mathematical models were used to explore the relationship between demographic variables and misconceptions. Specifically, we used regression models to look for meaningful predictors of either the quantity of misconceptions or the presence of a specific theme. We present the models only as initial steps towards future work that will benefit from larger sample sizes. Both models were run using R statistical programming software.
The first model used linear regression to explore the relationship between the demographic survey variables and the number of misconceptions in a protocol. Variables from the demographic survey were used as predictors of the number of misconceptions in the final data set for each individual case. The linear regression models were run twice. First, each demographic variable was run as the single predictor in a model with the number of coded misconceptions as the outcome. This allowed us to assess the individual effect of each variable separately. After running each model, we ran a single model using all of the variables as predictors simultaneously. This model was intended simply to assess the potential for interactions among different variables, the individual predictor model remains the primary analysis
The second model used a logistic model to predict the presence or absence of a given theme in an individual students' protocol. The logistic model treats outcome variables as having a binary outcome. In this case, the binary outcome represents the presence or lack of a given theme within each protocol coded as a 1 or 0 respectively. As with the first model, we ran each predictor separately for each theme.
Results

Quantity of Misconceptions
The first coding stage identified 257 misconceptions; the first coder identified 146 misconceptions in 38 of 40 cases, and the second coder identified 111 misconceptions in 37 of 40 cases. The number of misconceptions per case (i.e., individual interviewee) ranged from 0 to 18 (an outlier in the sample). The average number of misconceptions per case per coder was 6.4, the median number of coded misconceptions was 3, and the mode was 2. The coded segments representing misconceptions ranged from 3 to 420 words in length When going through the code refinement process, of the 257 misconceptions, the coders matched exactly (i.e., same starting and ending points with same description) on 20, leaving 237 unique chunks for further analysis. While this appears to be a low level of 'agreement', it is both acceptable and preferred in this study. The goal of the initial reading of the data was not to identify identical misconceptions, but to cast a wide net and identify all potential misconceptions.
Both coders then reviewed all 237 coded instances together. At this stage, several chunks were combined to form larger misconceptions where coders identified different but overlapping portions of text as a misconception. The final data set consisted of 112 misconceptions identified in 36 of 40 cases.
Themes
The pile sort method was then applied to the 112 misconceptions for theme identification. Four primary themes were identified and 103 of the 112 were attributed to these four themes. The remaining 9 represented a variety of misconceptions found in single cases. The section below describes each of the four themes and representative quotes from student interview transcripts.
Venture Ownership and Exiting
The first theme involved misconceptions about ownership, equity, and control when exiting a business. At the end of the interview protocol, students were presented with the scenario below that involved them making a decision about whether to exit the venture or engage in an Initial Public Offering (IPO):
In the 10 th year of the company, you are doing $70 million in sales and project that you will reach $100 million within a year. At this time, you see 2 possible directions for the company: 1) Take the company public. Your accountants suggest that you should offer 2 million (of your total 12 million shares) at $30 per share.
2) Disney, which has been trying to get into the educational software market, offers you $420 million for your entire company.
Students often gave clear answers that analyzed their personal interests, long term career goals, and assessments of value. However, close to half of the students (16 of 40) also struggled with the exact mechanisms at play when choosing among these two paths. The most obvious misconception was that if they choose option 2, they would receive the entirety of the $420 million offered by Disney. This despite the fact that distribution of equity had occurred earlier in the verbal protocol scenario. Therefore, students conflated the value of the company with the compensation they would receive. The most direct example of this theme came from Robert.
I can't see a problem with having $420 million in my pocket ~ Robert
Others, acknowledged that they were not entirely sure of the mechanisms at play when a company purchases another company, but still assumed that they would see the complete financial windfall. These assumptions are in direct conflict with data related to the level of founder ownership when they exit a venture 21 . A review of SEC filings for 79 tech IPOs, found average company ownership for company founders at exit was 17%, a value heightened by several outliers (e.g., Facebook at 57%). The median was 11%.
And Disney wants to buy us out at $420 million. Mm-hmm -$420 million. And that would -I would assume that would go to me. I'm not sure how that would work out. ~Mason
In addition to misconceptions about financial windfall at company exit, students also had misconceptions about who controls a company after an IPO. Not surprisingly, undergraduates are unaware of the many elements and nuances associated with exerting control over a company's direction and management after an IPO. This is evident in Alexander's assumption that he will retain control of company post-IPO.
Well, if you go public, you can obviously keep running the company the way you want to run the company, ~Alexander
To summarize this category of misconceptions, when given two options for exiting an entrepreneurial business, the engineering students interviewed struggled with basic misconceptions associated with the mechanics and meaning of critical business transactions. Their statements suggest that they conflate themselves as individuals, with the business entity. While they thoughtfully evaluated the options, they did so based on the faulty assumptions that founders receive all proceeds from the sale of a business, and that they would be able to maintain control post-IPO. While there may be cases when this is true they directly conflicted with information provided earlier in the scenario and are more the extreme exception rather than the rule in practice.
Taking investment
The second misconception theme revolved around the process of taking outside investment as an early stage venture. The students were provided with information about early sales and success of their product. They were then asked to choose one of three options to raise funding to continue growth, as shown below:
You estimate you will need $5 million to break even, and given your sales projections, it will take about 2 years before you reach that point.
You have 3 financing options:
Option 1: A venture capital firm from the digital entertainment industry offers $5 million for 30% of the company.
Option 2: A family friend with extensive experience in selling educational products wants to partner. He wants to invest $5 million for 30%, but also wants to work for the company for a $200,000 yearly salary.
Option 3: You continue to bootstrap the company with internal cash, growing at a slower pace.
In general, student logic revolved around weighing elements of risk and control when assessing each option. Apparent in that weighing of options were basic misconceptions about the paths to, and the realities of, receiving outside investment. For example, Isabella assumed that personal characteristics like charisma would make VC investment easy to find:
I would pick the venture capitalists. I think I'm like pretty charismatic, so it wouldn't be that hard to find them, ~ Isabella
While charisma is unlikely to be a detriment to company success, empirical data suggests that VC investment is difficult to obtain. The difficulty is something we suspect many students significantly underestimate, given the discourse surrounding venture capital in the entrepreneurial community and even within entrepreneurship education programs. Research suggests that only around 10% of VC deals are initiated by cold calls, including both investors contacting ventures and ventures contacting investors 22, 23 . Further, research published by VC firms suggests that investment occurs only in 0.1%-1% of the firms that a VC firm initiates contact with, and most potential VC deals end at the initial business review (i.e., pre-meeting) and due diligence stages, where the influence of personal characteristics may be minimal.. This comment is also at the heart of a basic understanding of misconceptions. Isabella choose to build part of her analysis on the ability to gain access to VC organizations. However, access had already been asserted in the protocol, making success access irrelevant. Similar to the example from physics education, what this shows is how the misconceptions can manifest in somewhat strange ways to influence thinking. In this case, the ease of access is both incorrect given data on VC deal flow and irrelevant to the analysis she is performing.
We also found multiple students who had misconceptions regarding changes in management. For example, Eric wants to be clear with the VC's or Family Friend on two points. First, he insists that he retain control of the direction and decision making associated with his venture. Again, lacking knowledge about equity as described in the previous section, but also the common practice of a VC and/or major investor taking at least one board seat at any companies in which they invest, and the subsequent realities of battles for control that are common when investment events occur 24 :
So as long as like -I would need her to assume me that I'm in charge and that if I want to drop this at any time, like it's not going to hurt me -like that sort of agreement. It's not going to come back to bite me or anything like that ~Eric
Eric's second insistence, is that he be allowed to drop the project at any time, is likely equally problematic from an investor point of view. Many investors focus on the team as a significant element of an investment. Requiring pre-investment agreement that he may leave would likely indicate to an investor, whether VC or family friend, that he is not serious about the venture and that investment might be unwise if Eric is viewed as critical to success.
In summary, students have misconceptions about the ease and process by which venture investment is likely to occur. They believe that gaining VC funding is fairly easy and driven by their own skills rather than the details of the venture and its potential. Further, they seem unaware of the realities that occur when companies do invest and the expectations and agreements attached to such investments.
Pricing and market research
The third misconception theme involves how students operationalized pricing and market research data. Students were given two pages of primary and secondary market research, including data from multiple customer interviews describing how much they would be willing to pay for the product. Students were asked to answer four questions using that data:
Who will your primary customers will be?
Through what channels will you sell the product?
How will you choose a price for the product? Based on all of this information, how do you decide whether there is enough potential value to start selling the product to the market you developed?
An example of the data that students were provided appears in Table 1 . The most common element of this misconception is represented by Emma's assertion below. She assumes a direct relationship between profitability and price paid. The data presented also estimates market size. Students tended to make the conception that higher prices would automatically result in higher revenue. This misconception occurred in 15 of 40 cases.
[I] guess adults are willing to pay more for it. So I would focus on adults. So what's the kind of logic behind that, the -saying just -so what's it mean to you to have them be more -willing to pay a higher price point? That just means that it's more profitability for me. ~Emma
Students were also given information on the number of potential consumers in a given group. The data allowed students to make a comparison of revenue by combining market size with potential revenue. However, few students made the effort during the study to integrate the two data sources. While we expect that engineering students, especially students' with entrepreneurial coursework, are capable of integrating those pieces of data if given more time, it is insightful that this misconception occurs when needing to interpret data quickly, which can be key in the early stages of a business.
In addition to struggling to make assessments of potential revenue, students also tended to struggle with narrowing sales to a single market. When presented with data in Table 1 What Daniel does, which was far from unique in our data, is assume that pricing categories are can be summed either down or across the table. He assumes that those willing to pay a higher price will not purchase the product at a lower price. Further, despite the request to select a single market to sell to, he assumes that for a given price the venture will begin by targeting and capturing all three markets simultaneously. While Daniel does acknowledge and correctly explain the path to creating a full revenue estimate, his answer is representative of why this misconception is so critical. In all coded manifestations associated with this theme, the misconception would result in significant overestimation of revenue.
Market share vs. market size
The final theme identified came from assumptions made about market size and market share. While this theme was much rarer, occurring in only 6 of 40 cases, it occurred multiple times in each of those 6 cases. Students assumed that the size of a market is not just directly representative of the size of the company, but that the market size is the company size. This assumption of 100% market share vastly overestimates the value of ventures and disrupts assessments of investment and exit decisions. Not surprisingly, this is the only theme that occurred in multiple parts of the protocol, for each of the 6 participants. The primary example of this theme comes from Todd's protocol:
[It] would probably be very good given that there was approximately $1.7 billion in instructional technology. So that would be who he would be working with the most, and so if it's $5 million that he would be investing, and then the estimated value is 1.7 billion with 20% growth, I guess this would be a couple of years down the road. It'd be even higher than that. The 20% per year for the next five years could -at the end of these five years where it's expected to grow, it'd be worthjust like the rough numbers, it'd be like $3 billion for a $5 million investment that someone gets 30% of. ~Todd
Given the broad market definition of 'instructional technology' in this scenario, Todd confounds the market size, $1.7 billion, and the company's value. Todd makes this analysis in the context of deciding on which of the three early stage investment options he would choose from and is assessing a $5 million dollar investment for 30% of the company at a valuation of the company. This represents two distinct but interwoven problems. First is the assumption that his venture captures the entirety of the $1.7 billion dollar market for instructional technology with a single entrepreneurial simulation game. Second, he conflates sales revenue with a direct valuation of the company.
While not going as far as Todd, Liam also operationalizes the same misconception. When deciding on which market to pursue, Liam eyes the instructional market size as an enormous opportunity to pursue.
So it says that the market here -the instructional and technology and simulation games are pretty big. It's like two-and-a-half billion dollars, and they're expected to grow 20% over the next five years -or 20% per year for the next five years. So, I mean, that'd be a pretty big market for just one game. ~ Liam
Modeling of themes and codes
The tables below present probability values indicating the statistical significance of each demographic variable for two models. The first, Table 2 , shows the probabilities from a model predicting the number of misconceptions that would be identified in a given individual protocol. The first results column presents the probability that each demographic variable predicts the number of misconceptions in a case. The second column shows probability values of a model with all predictors included.
The results of the linear model in Table 2 show that the demographic predictors have little impact on the number of misconceptions in a given case. In both cases, the only predictor which is statistically significant is gender. In both cases, male students are predicted to have approximately 1.5 less misconceptions than female students. Given the smaller number of female cases (12 vs. 28), we suspected that this may be an outlier effect of one high female case. Running the models without the outlier case gave nonsignificant results. More interestingly, were the results suggesting that neither entrepreneurship coursework nor prior involvement in entrepreneurship via family or friends entrepreneurship, were significant. 1 The female data set included one high data point (18 Misconceptions) that, if removed, makes the predictor no longer significant. The values in parentheses represent the p values with that case removed. Table 3 , on the following page, presents the results from the logistic regression model. The results suggest that, similar to the number of misconceptions model, the demographic predictors do not meaningfully explain the presence or absence of a given theme in a given case. Only two p values met the standard p<.05 criteria for significance. The first significant results suggests that the presence of the venture ownership and exiting theme is influenced by university. The results showed that University 1, the private university, had a significantly higher prevalence of misconceptions around entrepreneurial exits than did University 2. The second significant result involved the investment misconceptions theme and entrepreneurial coursework. Students who had completed entrepreneurial coursework were significantly less likely to have investment misconceptions. As we will explain in the discussion and conclusions section, the lack of significant predictors is as insightful at this exploratory stage as would be a large number of significant predictors.
Discussion and Conclusions
The purpose of this paper was to examine the misconceptions engineering students have about entrepreneurship to identify areas that should be addressed in education. We identified four themes of misconceptions that engineering students demonstrated when solving entrepreneurial problems. We also examined what demographic variables were statistically significant as predictors of the overall prevalence of misconceptions and the presence of the four identified themes in individual cases. We propose an interpretation of those themes and the implications of this exploratory research for engineering entrepreneurship educators.
The study identified a set of consistent and conceptually identical misconceptions that are differentiated from mistakes. The fact that students have misconceptions is not unacceptable, but understanding the misconceptions, their root, their form, and solutions will be useful to engineering entrepreneurship educators. The fact that these themes appeared so consistently across two universities and multiple student paths demonstrates that there are clearly concepts on which students actively hold false assumptions and expectations regarding work in entrepreneurial companies. This suggests that students have over-optimistic views of entrepreneurship that may driven by environmental or cultural factors such as how entrepreneurship is portrayed in the media. Or, it may reflect how entrepreneurship is being taught at universities where student and faculty involvement in startups is increasingly promoted as a measure of success. This suggests that entrepreneurship education programs should make a concerted effort to provide students with realistic assessments of the range of decisions and outcomes they will face as entrepreneurs, and/or as engineers involved in business endeavors.
Misconceptions vs. mistakes: Interpreting the four themes
In perhaps the most foundational work on the impact of cognitive misconceptions, Tversky and Kahneman 5 show that mental shortcuts (which they call 'heuristics') are heavily engrained in individuals. They also show that problematic heuristics are present even in very experienced individuals. For example, they found that individuals with PhDs in statistics used the same misconceptions as those with minimal or no formal statistical training. However, no one would suggest that a PhD. in statistics would be unable to perform basic statistical computations. What is critical in the discussions of misconceptions is separating engrained automatic behaviors from assumptions about fully rational human behavior, i.e., bounded rationality 25, 26 .
We interpret the consistent and conceptually similar ways of thinking that manifest across multiple protocols as representing misconceptions rather than simple mistakes or lack of knowledge. As such, just as with misconceptions in other fields 27,28 they require educational strategies that go beyond teaching the correct approach and, instead, intentionally disrupt the basic views of entrepreneurship that students have constructed. In turn, that disruption will also inform their conceptualization of entrepreneurial decision making at basic levels.
Notably, in many cases where students used misconceptions, they managed to correctly recall, retrieve, and apply conceptual or mathematical models related to those misconceptions. The misconceptions influenced the assumptions students applied to those models and they retained them throughout. For example, many students correctly integrated the evaluation of investment options and market research to establish valuations and make investment decisions. However, their misconceptions about market size (i.e., assuming 100% market share) were reflected in their evaluation of investment options as well, despite being entirely different section of the protocol.
The repeated reuse of a misconception suggests an unattended metacognitive failure 29 . Research has suggested metacognition is a key feature of entrepreneurial expertise 30 . Students' overlooking analyses that result in highly problematic outcomes suggests unattended metacognitive failure 31 . These specific metacognitive failures arise in part from the misconceptions which incorrectly make several of the overestimations of value, growth, market size, and revenue appear reasonable. Because of these misconceptions, and their underlying sources, which we turn to in the next paragraph, the 'mistakes' are not identified, never addressed, and allowed to manifest with other knowledge constructed upon it, as has been demonstrated in other misconception research 6 .
What we see as common among the four themes discussed is that they align strongly with research related the mythicization and public reification of entrepreneurs 10 . We suggest that at the root of both the exiting and investment decisions is the perception of 'the entrepreneur' that is portrayed in media and social representations of entrepreneurship. The reification of highly visible and successful individual entrepreneurs such as Mark Zuckerberg, Elon Musk, and Bill Gates contribute to the entrepreneurial identity formation that students before students enter the entrepreneurial classroom.
A common aspect of both the exiting and investing themes was that the student believed that he/she would be able to demand, assert, and retain control of the venture, even after taking outside financing. Again, students often see articles and news reports touting 'the coolest 30 entrepreneurs under 30' but less rarely see media discussions what happens on a day-to-day basis, behind the scenes, with advisors, investors, boards and other influencers 32 . Instead, the mythicized individual entrepreneur is firmly attached to a narrative focused on the control and success of a firm, especially in the area of high-tech entrepreneurship that seems most relatable to engineering students. Presented with such narratives constantly, it is not surprising that misconceptions about control and power influence decision making in young entrepreneurs.
A similar analysis is apparent in the themes related to pricing and market share. Just as the social narrative of entrepreneurship focuses on individual entrepreneurs, it also focuses on extremely rapid and high growth entrepreneurial venture. If students' conception of entrepreneurial ventures is primarily framed by highly value, rapid growth companies such as Facebook, Tesla, and Microsoft these themes make sense. Both Facebook and Micorosft are characterized by their enormous, and relatively captive user base. Further, they and many other Silicon Valley startups, exist at valuations that make a 10-yr old $1.7 billion dollar company seem quite reasonable despite the much smaller revenues presented in the protocol.
Implications for engineering entrepreneurship education
Overall, the results of this study suggest that there is a very limited relationship between misconceptions and entrepreneurial education, which is interesting but not entirely surprising. The modeling results show that, except in two cases, there is no relationship between the themes identified and student demographics. In only theme was entrepreneurship coursework a predictor of a lower level of misconception. That theme showed that participation in education reduced the prevalence of misconceptions related to investment. The only other statistically significant outcome was that one university had fewer misconceptions related to venture exiting.
It is useful to situate these results within the learning objectives taken from the syllabi of the larger university's introductory entrepreneurship course, which 10 of the students had taken. As noted earlier, the graduate student researcher is an instructor in this multidisciplinary introductory entrepreneurship course. In interactions with those teaching other sections, and his own experience, he has noticed that the investment misconceptions are constantly challenged throughout his and others sections of the course, and are framed specifically around issues of an entrepreneur's control within those decisions. While discussions of exiting or investment may not be explicit, they are implicit in multiple learning objectives or included as content in the course. In comparison, market analysis and selection of target markets are key concepts, and are presented within the context of deciding which opportunity to pursue. They are not presented in ways that are likely to force students to clearly understand the tension between market share and market size or involve the actual pricing and sale of a product for a specific market segment.
Given these findings, the graduate researcher/instructor has already made changes based on the results of this study. These include a heavier focus on the conceptual mechanics and explicit and implicit roles of entrepreneurial stakeholders. These changes include a greater focus specifically on the role of boards of directors, pragmatic examples of how early stage investment works in practice, and discussions of what individual entrepreneurs can and cannot control as their venture grows and takes shape. Specific examples of failed ventures, exits forced against entrepreneur's wishes, data on founder ownership stake, and referencing of board membership not just founders when discussing existing ventures are now included. Finally, he has added a module specifically on understanding and analyzing market share vs. market size. The change in language and examples are intended to disrupt the narrative of the highly successful individual entrepreneurship that seems at the root of the four themes.
In sum, what our results suggest are fairly small changes in support of models already prevalent in engineering entrepreneurship education. The changes include a need to confront misconceptions directly 6 and to make those misconceptions directly visible to students and educators 7, 8 . Within the experiential, active, and project based learning environments common to engineering entrepreneurship education 11 the framing of examples and activities can be used to disrupt these common narratives.
We would suggest two adjustments that instructors can do to help eliminate these misconception themes from their classrooms. First, place and teach to students from more roles than just that of 'entrepreneur'. Actively engaging students in analyzing new ventures from the point of view of a board member or VC provides a different set of needs and goals. Second, be attentive and conscious of where societal narratives of entrepreneurship are adopted in your classroom and seek to challenge them. This likely involves the acknowledgment, explanation, and deconstruction of what those narratives are, why they are problematic, and when they are or are not appropriate.
